Real estate is an illiquid investment with cyclical returns, so risk management techniques should be used for sustainable returns. The risk management techniques include asset based, portfolio, insurance and derivatives solutions. Asset based solutions include the risk character of the real estate, based on where it's located and how well it is developed. Some property such as foreclosure and those require maintenance is riskier than others. Portfolio solutions allow real estate companies to include real estate with different location and segments such as office and retail. Using this, the risk is limited to the systematic component, where asset based-idiosyncratic risk is tried to be reduced when included enough number of assets to the basket. The management should be capable of determining which risks taking and which to transfer. Some risks such as earthquake, fire, vehicle crush, terrorist activities are rare in nature but can cause severe damage when it takes place. The insurance policies can cover these events which most of the time are reinsured. In addition derivatives are available to hedge some of the risks. These can be traded on the market or over-the-counter. By using derivatives it is possible to hedge interest rate risk, inflation, currency risks, and property price changes. To hedge interest rate risk which is also studied in this paper, instruments such as cap, swap, and collar are available. The research is investigating the role of interest rate risk in the performance of real estate management companies. The variables used in this research are 30 years treasury yield, and exchange closing price for CBRE Group Inc., Colliers International Group, and Jones Lang LaSalle Incorporated. The data is daily for the period 16 June 2004 and 19 June 2015. The methods used are Johansen Cointegration and Granger Causality. The results of the study indicate there is a short-run and long-run relationship between interest rate and real estate management firm stock performance. In other words, interest rate fluctuation is a critical risk in performance of real estate management companies. In the paper, it is also discussed risk mitigation ideas for controlling this and other risks that real estate management industry is exposed.
Introduction
Real estate is an investment that has its own characteristics different than buying marketable securities. It is a relatively illiquid investment. This is because finding a reasonable offer for your property at market price may require some time or effort such as promoting or talking with real estate agencies. Therefore real estate investor will demand some additional liquidity premium over liquid assets.
In addition the investors should be liquid to cover for daily costs-working capital.
The return on real estate has two main aspects. One is rental gain that is the annual income that you can get from renting your property if it is not owner occupied. The other income is capital appreciation which is the increase in the value of the property. The return potential and risk are higher for properties that require more effort such as distressed properties or those that need maintenance.
During the real estate development process an investor may buy the land, develop a project, get the necessary permits, and sell to the final user. All of these processes require some risks. Those who buy earlier need to have more risk and except more return. When you buy a land you need to make sure the land has a location that its value can appreciate with the future city plans. Developing property means taking opportunity cost of not developing other property such as building office instead of retail. Most of the time the investor has to decide which real estate segment provides more return and develop the project accordingly. This is done by an analysis of location and market by not only considering current market dynamics but also future expectations. One needs to make sure that the chosen alternative is the most appropriate for obtaining highest return.
One special kind of real estate investor is a real estate investment trust (REIT).
These companies are listed on stock exchange so that they have the disclosure obligations for the exchange. Real estate investment trusts have a portfolio of assets most of which include real estate and instruments based on real estate. The portfolio is often diversified which means having more than one asset in a portfolio. The portfolio also needs appraisal for investors to compute net asset value based on market prices. This investment environment brings transparent transactions which bring discipline for the industry. In return, they are given certain privileges such as being exempt from corporate tax.
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Real estate investments require leverage, because of the capital intensive nature of the transactions. This is in the form of mortgages for residential property and commercial loan and other methods for commercial property. This requires the investor to obtain loans with low down payment which means high profit when there is a capital appreciation or high loss when there is depreciation.
Investors need to be aware of managing real estate risks. Real estate has cyclical returns meaning it leads to positive returns for some years but may lead also to sharp negative returns. The investors who bought for low prices have the potential to earn more in the future. Portfolio building is a way to mitigate the risk.
This can be done by adding property in different cities and countries and different function such as residential and industrial.
The risk management may include transferring some risk such as buying insurance contracts.
Derivative markets are also developed to cover for most market based risks from interest rates to property prices. This is done by creating indices for real estate depending on function and location.
The remainder of this paper is organized as follows. In Section 2, some of the relevant recent works in the literature are given. Then the methodology is described in Section 3. The information on the variables and empirical study is given in Section 4. In Section 5, some of the implications of the results are discussed. In Section 6, the practical and policy contributions are discussed.
Literature Review
Real estate investment like other investments has some risks that need to be managed. One of the most fundamental risks is the change in price of real estate itself. Real estate historically has returns more than inflation if held long enough, however in times of recession, one might expect the prices to decrease which results loss of wealth in the portfolio. There are also portfolio risks. Some real estate portfolios are more focused, investing more in one type of real estate segment and location. There are also risks that are common to all types of portfolios. These risks are related to change in economic conditions and market. Interest rate risk is one of these risks.
The critical risk in real estate business is interest rate as in other industries.
Rising interest rates would benefit to investors who already borrowed and would be worse for those who are to borrow yet. The most common types of interest rate hedge agreements are caps, swaps, and collars. Under a cap the borrower and lender agree on a maximum interest rate. If the interest rate goes above the maximum interest rate, the hedge provider pays borrower the difference in exchange for a one-time fee.
For swap contracts plain vanilla can help in real estate industry. In this type of agreement fixed interest rate is exchanged for variable interest rate (such as LIBOR or treasury interest). Any person who believe that interests will rise and borrowed variable, can swap variable interest for fixed interest using plain vanil-C. Berk Journal of Financial Risk Management la swap contract. Collar agreement determines both minimum and maximum interest rates. Therefore if the market interest rate is above the contract maximum rate the hedge provider pays the difference. But when the interest rate is lower than the minimum set by the contract, the borrower pays the difference (Montgomery, 2005) .
One of the important risks in the real estate business is the operating costs.
The operating costs are often very high. The real estate market is also cyclical, meaning there may be sharp price fluctuations. The projections of real estate sales revenue when you invest in a property may not be realized. The business is often highly leveraged and there is no tax shelter benefit. This means that if you use your debt you will pay less corporate tax. This is not the case with REITs (Real Estate Investment Trusts) since they are often tax exempt. More debt needs more exposure to be hedged. But for more growth, one needs to invest and hedge its portfolio using derivative instruments.
Building a housing development requires land development and building.
Pre-selling is an idea to sell the houses before they are completed. This reduces some of the cost of finance since the money received may be used in construction but this may mean lower revenue compared to the sales with finished products. The developer also hedges itself against market prices when it pre-sells (Buttimer & Pattel, 2007) . Mortgage portfolio hedging needs to address not only default risk but also prepayment risk. A prepayment is any amount of payment that is more than the scheduled payment. Financial institutions may need to make a discount on the interest since they receive the money earlier. Moreover the market interest may be different than the interest on the date of issue of the loan. Borrowers will prepay when interest rates fall but this may mean loss for the banks since their cost of funding may exceed the payments received in this type of economic environment. To avoid this loss, some countries allow a prepayment penalty to be paid by borrower for banks to cover this loss. It is possible to hedge this portfolio but there are difficulties seeing the projected prepayment rate may be different than what is realized (Fabozzi et al., 2009 ).
The risks embedded in a commercial real estate are change in price of proper-C. Berk Journal of Financial Risk Management ty, credit risk, interest rate risk, liquidity risk, country risk and legal risks. Property price risk includes location of real estate, rent revenue, cost of carry, rollover of mortgage contracts. Property prices grow stably for years but may suddenly fall in the event of market corrections or crisis. Therefore it is a fundamental risk for financial markets.
Commercial property derivatives are developed mainly in the United States and United Kingdom. The relatively undeveloped structure of these instruments may be partly contributed to the fact that much of the risks associated with real estate is also included in market risks. This is used to hedge against real estate risks and also can be synthetically included in portfolios of institutional investors to increase commercial property exposure.
There are two types of default for commercial properties. The first is the borrower's inability to payback principal and interest of the loan. This is also called term default and this could happen when property price falls behind loan value.
This can be hedged by commercial property derivatives. The other default is called balloon default where the borrower is unable to refinance its balloon payment. The term balloon often represents the principal in a mortgage loan where the interest is paid for a number of years and the principal needs to be refinanced after this period. This is almost like originating a new loan at current market conditions. This loan has a risk of balloon default that needs to be computed. This may be due to change in economic situation or borrower's credit rating (Fabozzi et al., 2013) .
Derivatives markets have experienced rapid growth among asset classes as a tool for risk management especially for financial institutions. The real estate derivatives can be listed in the exchange or over-the-counter between counterparties. (OTC) There can be an intermediary which can also serve as a dealer taking the opposite position of the investor. In more mature markets, dealers can constitute hedges with diversified portfolios.
The real estate derivatives practice also allows the inclusion of a swap, where both parties exchange their cash flows. A total return swap is a transaction where the investor receives (or pays) whatever the real estate index value (typically NCREIF for commercial real estate) and in return pays (or receives) fixed amount. The duration of the trade is typically 2 -3 years and exchange occurs every quarter of the year. The difficulties with the index based derivatives are not all the real estate prices are revalued quarterly and appraised values tend to lag transaction prices (Fisher, 2005) .
Risk management is gaining importance particularly in the time of financial crisis. The application is however limited for the real estate asset class compared to other industries. The real estate investor may need to investigate risks of individual real estate in addition to the portfolio risk due to the high investment required for the asset class. This can be done by assigning risk ratings for the assets.
Another application may be to benefit from Modern Portfolio Theory (MPT).
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This is done to benefit from diversification benefits of real estate portfolio. The real estate shows completely different character than marketable securities when it comes to the application of MPT. At least 400 -500 real estate is needed to completely reduce to the market-systematic risk. There are also difficulties in the application of MPT namely immobility, heterogeneity, indivisibility, high transaction costs, and limited sustainability (Donner, 2010) .
Research Model
In cointegration all the variables yt have a unit root, or in other words, yt is a stationary when differenced I(1) process, it is said to be cointegrated when a li- . If r = q is the first null accepted, then conclusion is that there are r = q cointegrating vectors (Erdinc & Milla, 2009) . The granger causality model on the other hand can be explained with the below formulation. When historical values of one series are useful in explaining another series, one Granger causes another (Baumohl & Vyrost, 2010 
Data Analysis
This research explores the relationship between three real estate management firms and 30 years treasury yield in U.S.A ("shortly named as "TY30" for this study). The variables used in this study are CBRE Group Inc. (CBG) stock closing price from NYSE (shortly named as "CBRE" for this study), Colliers International Group Inc. (CIGI) stock closing price from NASDAQ (shortly named as "COLLIERS" for this study) and Jones Lang LasSalle Incorporated (JLL) stock closing price from NYSE ("shortly named as "JLL" for this study). The data is daily for the period 16 June 2004 and 19 June 2015. This period was available when this research is first presented in a major international conference. The data is available for all stocks and treasury yield during the period. The total number of data is 2.775. The graphical presentation of the data is given in Figure The variables will be modeled in VAR. But first Lag Order should be determined. In Table 2 lag order selection criteria is given. For the principle of parsimony VAR(1) is used.
The Table 3 is given below as a stability check for the VAR model.
Below is the VAR(1) model with coefficients substituted. Table 4 . 
0.486121447306 * D CBRE 1 , 2 0.000125185438099
The short run relationship is tested in Granger causality model which is given in Table 5 below.
Discussion
The 
Conclusion
Real estate is an illiquid and highly leveraged investment that requires the inves- Real estate leads to cyclical returns, therefore investors can earn stable returns for years, but may also experience sharp falls in property prices. This is also related to risk character of the property. Property in nice location owned by creditable owners is less risky while those to be developed, maintained or distressed properties are more risky. This is often managed by assessing ratings for individual properties in real estate management practice.
Risk management applications are crucial for obtaining stable returns for the company. The portfolio approach is most widely used in the practice. This is done by choosing property with different levels of risks. Typically 400 assets are needed to fully reduce the risks to the systematic level.
The real estate in different locations is preferred to minimize location specific risk. Relatively underdeveloped regions are most of the time more risky but also have higher profit potential. Different segments such as office and retail are also added to diversify the risks. In addition, one might include risky assets such as foreclosure or undeveloped land to increase company potential. The ultimate goal in portfolio management is to minimize idiosyncratic risk component that is due to individual assets.
Insurance is another way of transferring risks. Some risks are very rare but may cause serious damage. These are known as catastrophic risks. This can be in the form of earthquakes or vehicle crush as experienced in 9/11, or other terrorist activity. Fire is also an important risk for real estate and management need to have adequate action plans for these. Most importantly these risks are transferred to insurance companies which are typically reinsured.
Derivatives are widely used in financial markets as a tool to mitigating risks.
Derivatives in the real estate market can be through a market or over the counter (OTC). Derivatives in real estate markets can be in the form of forward, futures, options and swaps. The risks to be covered by the real estate derivatives are market risks such as interest rate, inflation, currency risks, and even property price changes.
An investor who will need to borrow in the future will suffer if the interest rates rise and benefit if the interest rates falls. Moreover the loan may be given with variable interest such as LIBOR. So the rise in interest rates may result in a rise in monthly payment which may result in unaffordable payments. If the value of the loan goes above the value of the property, a default may take place. The tools that can be used to mitigate interest rate risk are cap, swap, and collars.
The international nature of the transactions gives the opportunities and risks of borrowing in international markets. This may be also in the form of currency other than the operational currency for the company. If the revenue of the company is in different currency than the loan, then an appreciation in the loan currency may result in loss for the company.
A real estate manager should understand risk management techniques and be 
